In southwest China, three major rivers, the Yangtze, Mekong and Salween, flow down from the Tibetan plateau, creating a complex topography with a diverse, little-known ungulate community. We used camera traps and multi-species occupancy modeling to determine presence/absence, habitat use and estimate species richness/ occupancy. At Langdu, east of the Yangtze, we had 23 camera sites in four habitats from 4000 to 4815 m asl; at Gehuaqing in the south of Baimaxueshan Nature Reserve (BNR) between Mekong and Yangtze we had 14 sites in two habitats from 3050 to 3600 m asl. At Langdu, we photographed tufted deer Elaphodus cephalophus (Milne-Edwards 1872) most often followed by serow Capricornis milneedwardsii (David 1869) and alpine musk deer Moschus chrysogaster (Hodgson 1839). At Gehuaqing, we photographed serow most often followed by tufted deer and forest musk deer Moschus berezovskii (Flerov 1929). Tufted deer were in the most habitats, and alpine musk deer were at an elevation higher than previously reported (4815 m). The only large carnivore recorded was Asian black bear Ursus thibetanus (Cuvier 1823) leopard cats Prionailurus bengalensis (Kerr 1792) were at 4579 m asl, higher than previously documented. Langdu had higher species richness than Gehuaqing, and tufted deer had the highest occupancy at both sites. We discuss differences with another site in the north of BNR.
Introduction
Ungulates are a crucial component of alpine forests because they influence floral dynamics and are important food sources for large carnivores (Namgail 2006) . In part because of the complex topography, mountain environments exhibit significant heterogeneity in resource distribution (Jay-Robert et al. 2008) , and consequently, alpine ungulates face many foraging challenges and should exhibit sophisticated habitat selection behavior (Zweifel-Schielly et al. 2009 ). Little is known about the ungulate communities in many high altitude areas, however, because these areas are difficult to access and many species are cryptic (Acevedo et al. 2010) . Effective conservation of ungulates requires insights into basic ecology (Guan et al. 2015) , and in this study, we provide preliminary information on presence/absence and indices of habitat preference and use multi-species occupancy analyses to understand better the natural history of the high altitude ungulate community of northwest Yunnan in southwest China.
In northwest Yunnan three major rivers, the Yangtze, Mekong and Salween, flow down from the Tibetan plateau, and then, for over 300 km, they run roughly parallel within a span of approximately 100 km through the Hengduan mountain range with peaks over 6000 m. The rivers have created a complex topography with diverse habitats and cultures. Consequently, this area is a biodiversity hotspot (Mittermeier et al. 2004 ) and a UNESCO World Heritage Natural Site (http://whc.unesco.org/en/ list/1083). In addition, the area has a particularly diverse alpine ungulate community including musk deer, Moschus spp., muntjac Muntiacus spp., goral Naemorhedus spp., Chinese serow Capricornis milneedwardsii (David 1869), tufted deer Elaphodus cephalophus (Milne-Edwards 1872), sambar Rusa unicolor (Kerr 1792), takin Budorcas taxicolor (Hodgson 1850), wild boar Sus scrofa (Linnaeus 1758), and blue sheep Pseudois nayaur (Hodgson 1833).
In the past, much of the biological research in northwest Yunnan focused on non-human primates [e.g. Rhinopithecus bieti (Milne-Edwards 1897), Zhang et al. 2016 ], but ungulates are receiving increasing attention. For example, Yao et al. (2015) conducted sign surveys for forest musk deer Moschus berezovskii (Flerov 1929) at several sites. In addition, at the high altitude forest of northern Baimaxueshan Nature Reserve (3100-4100 m asl) between the Mekong and Yangtze Rivers, commonly encountered signs and captured images of alpine musk deer Moschus chrysogaster (Hodgson 1839), Chinese serow, tufted deer, and Chinese goral Naemorhedus griseus (Milne-Edwards 1871). Serow and musk deer were the most common, and both were encountered more than twice as often as tufted deer and goral. In that high altitude forest, serow are associated with closed canopy habitats. Alpine musk deer are associated with oak shrubs and open canopy, and tufted deer avoid oak shrubs while goral uniformly use all habitats ). In the Tangjiahe Nature Reserve, western Sichuan China, serow use higher altitudes than goral (~1800 m vs. 1300 m) with steeper slopes and a higher shrub density (Chen et al. 2009 ).
Despite World Heritage Status of the area, ungulates in northwest Yunnan are threatened by poaching for food and animal products, and for effective management it is important to monitor ungulate populations to know if management decisions and protective measures are effective (Wang et al. 2006) . Monitoring can also provide baseline data for future monitoring to elucidate the impacts of development and inform design of mitigation measures. In this study, we deployed camera traps to document ungulate presence/absence in several habitats at two study sites and conducted occupancy analyses to provide a baseline in this unique environment.
Materials and methods

Study sites
This study took place in two areas within the Three Parallel Rivers UNESCO World Heritage Area (http://www. protectedplanet.net/three-parallel-rivers-of-yunnanprotected-areas-world-heritage-site) in Diqing Autonomous Prefecture, Yunnan China: (1) near the Hong Shan property of the World Heritage Site near Langdu Village in Shangri-la County (Figure 1 , ~28° 14.87′N 99° 58.28′E); (2) in the southern part of Baimaxueshan National Nature Reserve near Gehuaqing Village in Weixi County (Figure 1 , ~27° 35.74′N 99° 17.43′E). The second site benefits from active conservation management, including regular patrols by local Forest Guards. The first site experiences no such patrolling, although hunting is officially illegal.
At Langdu, the habitat ranges in elevation from 3841 m at Wudi Lake to mountain passes at 4800 m. At Gehuaqing the habitat sampled ranges in elevation from 3050 to 3600 m. In both areas, the habitat is primarily forest dominated by conifer trees including spruce Picea spp., firs Abies spp., and juniper Juniperus spp., hardwood trees including birch Betula spp. and oaks Quercus spp., and rhododendrons Rhododendron spp. There are distinct vegetation changes with elevation and aspect (whether the slope is north or south facing). With increasing elevations trees and shrubs decrease in size and alpine meadows occur until their upper limits, above which rock and scree are the dominant land cover. At Langdu, we documented ungulates and other wildlife in four habitats: (1) mixed conifer forest (4000-4200 m both north and south aspects); (2) Rhododendron/oak shrubs (4100-4300 m both north and south aspects); (3) alpine meadows (4100-4400 m with a south aspect); and (4) mountain passes above the alpine meadows where only lichens and cushion plants occur (4600-4800 m) . At Gehuaqing, we documented ungulates and other wildlife in two habitats: (1) conifer/hardwood forest (3050-3360 m south and east aspects) and (2) rhododendron forest (3200-3600 m, south facing).
Langdu is primarily inhabited by transhumance Tibetan herders who raise mainly yaks (Bos gunniens, Linnaeus 1776) and yak-cow hybrids as well as some horses (Equus caballus Linnaeus 1758). Preliminary semistructured interviews indicated the potential presence of ungulates such as alpine musk deer Moschus chrysogaster, Chinese serow Capricornis milneedwardsii, tufted deer Elaphodus cephalophus and blue sheep Pseudois nayaur as well as predators such as Asian black bear Ursus thibetanus and snow leopards Panthera uncia (Schreber 1776). Gehuaqing is primarily inhabited by farmers of the Lisu Minority who mainly raise pigs and engage in apiculture, and preliminary semi-structured interviews indicated the potential presence of ungulates such as forest musk deer Moschus berezovskii, Chinese serow C. milneedwardsii, tufted deer E. cephalophus, as well as predators such as Asian black bear U. thibetanus and common leopards Panthera pardus (Linnaeus 1758).
Camera trapping
To document the presence of ungulates and other wildlife we used heat/motion activated camera traps (Bushnell Trophy Cam). We set cameras at 23 sites separated from each other by at least 500 m along wildlife trails or routes likely to be used by wildlife. We had cameras deployed in all seasons. We had seven cameras in mixed conifer forest: one from October 2011 to April 2012; three from April to June 2012; and three from June to November 2012. We had seven cameras in rhododendron/oak forest: four from October 2011 to April 2012 and three from June to November 2012. We had three cameras in alpine meadows: two from April to June 2012 and one from June to October 2012. We had six cameras in mountain passes: one from June to September 2013; three from June to November 2013; and two from June to December 2013. At Gehuaqing, we had seven cameras in conifer/hardwood forest: two from March to April 2013 and five from September 2013 through January 2014. At Gehuaqing, we also had seven cameras in habitat dominated by rhododendron: four from March to April 2013 and three from September 2013 through January 2014.
Statistical analyses
For subsequent pictures of the same species, we considered independent captures as those that occurred at least 1 h apart (Rovero and Marshall 2009) . We calculated capture rates as the number of captures/100 camera trap days (Kinnaird and O'Brien 2012) for each habitat type and used these as habitat preference indices. Habitat preference indices reflect the relative use of areas as a measure of habitat preference similar to measures of Visit Frequency by Kays et al. (2016) . Visit Frequency describes the relative degree of use of areas as a reflection of local habitat preference (Kays et al. 2016) .
We fitted multi-species occupancy models in a Bayesian estimation framework following the approach by Roopsind et al. (2017) , which accounts for imperfect detection in inference on species occurrence. We assumed species distribution to be varied between the two study areas, and include elevation and study area as covariates in occupancy modeling. We also assumed species occupancy and detection probabilities to be varied among species, and set species as random effects on occupancy modeling. We implemented the model in a Bayesian framework utilizing JAGS (Plummer 2003) via the R2Jags (Su and Yajima 2015) package in the Program R (R Core Development Team 3.2.2).
Results
Among wild ungulates at Langdu, tufted deer Elaphodus cephalophus appeared most often in the camera trap photographs at rates three to six times higher than serow Capricornis milneedwardsii and alpine musk deer Moschus ochrogaster (Figure 2 ). Tufted deer utilized every habitat except the highest alpine areas while serow and musk deer were photographed in only two of the four habitats (Table 1 ). In the highest alpine areas, blue sheep Pseudois nayaur were most common, occurring in groups of at least four to 15 individuals followed by single alpine musk deer (Table 1) . Both musk deer and blue sheep were captured in four of the six alpine pass cameras. Other ungulates were also present at Langdu including wild boar Sus scrofa and domestic pigs S. scrofa domesticus (Erxieben 1777) which were photographed in mixed conifer and alpine meadows, respectively, as well as domestic yak Bos grunniens, which were photographed in every habitat (Table 1) . At Gehuaqing, serow were most commonly photographed followed by tufted deer (Figure 3) , forest musk deer Moschus berezovskii (Figure 4 ) and wild boar (Table 1 ). All four of these ungulate species were found in both habitats sampled at Gehuaqing while domestic goats Capra hircus (Linnaeus 1758) were only recorded in mixed conifer.
At Langdu, we did not photograph any large carnivores apart from domestic dogs Canis lupus familiaris (Linnaeus 1758), but leopard cats Prionailurus bengalensis and yellow-throated martens Martes flavigula (Boddaert 1785) were present in three and two of the habitats, respectively (Table 1) . For leopard cats this included the highest alpine passes at 4579 m asl. At Gehuaqing, black bears Ursus thibetanus and martens were present in both sampled habitats and leopard cats were present in conifer/ hardwood (Table 1) .
Primates were present at both sites. At Langdu, we recorded macaques (Macaca spp.) alone or in groups of at least three at one location in each of three habitats: mixed conifer, rhododendron/oak scrub, and mountain passes (Table 1) . It was not possible to determine species from the photographs. At Gehuaqing, we recorded rhesus macaques (Macaca mulatta) in conifer/hardwood in groups of at least 1-10 and snub-nosed monkeys (Rhinopithecus bieti) in both habitats in groups of at least four to 50. Humans were also photographed at Langdu: one picture of a suspected hunter carrying a rifle in mixed conifer forest as well as herders and miners at two of the alpine pass cameras. Three cameras were stolen (two from the mixed conifer and one from alpine meadow).
To estimate species richness at Langdu, we included 19 captures of hares (Lepus spp., Linnaeus 1758), one of marmot (Marmota himalayana, Hodgson 1841) as well as large game birds: three Tibetan snowcock (Tetraogallus tibetanus); 13 white-eared pheasant (Crossoptilon crossoptilon); 30 blood pheasant (Ithaginis cruentus); and one Chinese monal (Lophophorus lhuysii). To estimate species richness at Gehuaqing, we included two captures of Temminck's Tragopan (Tragopan temminckii). The mean species richness ± standard deviation (SD) was higher at Langdu compared to Gehuaqing (23.88 ± 1.29 vs. 19.04 ± 2.23). Tufted deer had the highest estimated occupancy among ungulates while leopard cats and yellowthroated martens had the highest estimated occupancy among potential predators (Table 2 ).
Discussion and conclusion
At both study sites, the number of camera traps was relatively limited, and at Langdu, this was in part because of the theft of several cameras. However, one can still draw some preliminary conclusions, and the data provided in this study are valuable to establish baseline data for future monitoring. Both sites were very biodiverse including for ungulates. Tufted deer had the highest estimated occupancy at both study sites and appeared in many more pictures than the other wild ungulates at Langdu. Tufted deer made use of both habitats at Gehuaqing, and all but the highest mountain passes at Langdu reflecting the broad habitat use and adaptability of this species (Smith and Xie 2008). In Sichuan, tufted deer occur often at sites with greater shrub density as well as land with less concealment (Zhang et al. 2004) . At both sites, we found serow only in forested habitats, consistent with results from the northern Baimaxueshan Nature Reserve (BNR, and Tangjiahe, western Sichuan (Chen et al. 2009) . Unexpectedly, at Langdu we did not record any alpine musk deer photographs in rhododendron/oak forest although alpine musk deer preferred oak forest in northern BNR ). This could be because of under sampling of this forest type in our study. At Langdu, musk deer occurred from 4000 up to 4815 m above sea level, over 300 m higher than has been reported previously (Smith and Xie 2008) . Either alpine musk deer use of higher elevations has been under appreciated because of a paucity of sampling, or they are shifting to higher elevations, perhaps because of climate change or other pressures. At Gehuaqing in the south of BNR, no alpine musk deer were observed, but we photographed forest musk deer from 3050 to 3600 m. Yao et al. (2015) estimated 0.34 forest musk deer per km 2 from dung transects. More study is necessary at BNR to clarify the transition from forest musk deer in the south to alpine musk deer in the north , Buzzard et al. 2017 .
The habitats we sampled at Gehuqing did not have steep and rocky habitats normally used by goral (Smith and Xie 2008), but surprisingly, goral appear to be absent or extremely rare at Langdu. Pictures of goral were not recognized during the interviews and we did not record goral images on camera traps. This was surprising given their abundance in the northern area of BNR only approximately 100 km to the west , unpublished, Buzzard et al. 2017 . There are many possible factors that could have caused the differences in the ungulate communities between Langdu and northern BNR studied by Li et al. despite their similar habitats and latitudes. First, the two areas are separated by the Yangtze River which can act as a significant barrier to migration. However, all ungulates considered here, including Chinese goral are known to be distributed both east and west of the Yangtze River (Smith and Xie 2008). The higher altitudes at Langdu compared to BNR leads to substantial differences in climate and vegetation including lower canopy height and more open areas. Animals living at high altitudes are exposed to significant selective constraints such as cold temperatures, decreased oxygen pressure, and increased levels of UV radiation (Hassanin et al. 2009 ). The mitochondrial DNA of Chinese goral and serow differs from other species in the Tribe Caprini such as blue sheep and alpine ibex Capra ibex, in ways that suggest that goral and serow may lack important adaptations to life at higher elevations (Hassanin et al. 2009 ).
The impacts of protected status and hunting are also likely to be important for differences in species composition between sites (Li et al. 2016) . BNR is officially a protected area, and more importantly, the northern part is a sacred area for Tibetan and Naxi people . Therefore, hunting is likely to be less intense in BNR than at Langdu. In 42 km of transects Yao et al. (2015) did not encounter any snares at Gehuaqing while at Langdu there were 23 cable snares in 28 km during preliminary sign surveys (Li and Buzzard unpublished data) . At Langdu, poaching has been facilitated by increased access from infrastructure improvements for mining development and for transport into Daocheng County in neighboring Sichuan Province. The impact of hunting is especially important for musk deer. Musk produced by musk deer is highly valued, and this has led to unsustainable musk deer hunting throughout their range (Zhou et al. 2004, Li and . Differences in habitat disturbance and levels of competition with livestock may also be a factor behind the differences in ungulate communities between the different areas. At Langdu and northern BNR yak and yak-cow hybrids are most common (Li et al. 2013 ; this study) while at Gehuaqing in southern BNR goats and pigs are more common. More study is necessary at Langdu, Gehuaqing and at other high and low altitude forests in northwest Yunnan to better understand and properly manage these unique mammal communities. In addition, the role of nonhuman primates in these ecosystems needs to be clarified. At Gehuaqing, both rhesus macaques and Yunnan snubnosed monkeys are present, and they may be important competitors for ungulates. At Langdu, macaques were rarely encountered, but they demonstrated broad habitat use and were even found at mountain passes up to 4760 m. Future study is required to determine whether these are Assam macaques Macaca assamensis or rhesus macaques Macaca mulatta. If they are Assam macaques, this would stretch the range of that species farther east in northwest Yunnan than previously reported (Smith and Xie 2008), and it would increase the altitudinal limits of macaques. At present, the Yunnan snub-nosed monkeys occur at the highest known elevations for any non-human primate (3000-4500 m, Zhang et al. 2016) . Rhesus macaques have been seen at elevations of up to 4000 m in China and northeastern India (Fooden 2000) . More study on the status of carnivores would also be valuable. Despite the large numbers of potential prey such as ungulates, and game birds, we were only able to confirm local reports of Asian black bear at Gehuaqing. Poaching and/or humanconflict may be negatively affecting the predators at our study sites. Our study did confirm, though, the high altitude use by leopard cats, as reported by Thapa et al. (2013) in Nepal. Smith and Xie (2008) report that leopard cats occur between 1000 and 3000 m in the Himalayas, but we confirmed leopard cats at both sites above 3000 m and up to 4579 m, increasing the upper altitude limit for the species by 100 m. It is possible that climate change is expanding the leopard cat niche, and leopard cat use of high altitudes requires more study.
